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Aim: The purpose of this study was to analyse the technical problems associated with conversion from endoluminal repair 
of abdominal aortic aneurysms (AAA) to open repair and document the outcome in patients with this clinical course. 
Methods: Between May 1992 and May 1996 endoluminal repair of AAA was undertaken in 113 patients. Forty-eight 
of these had medical co-morbidities which led to them being rejected for open repair at other medical centres. Conversion 
from endoluminaI to open repair was required in 18 patients. Thirteen of these occurred at the original operation (primary 
conversion) and five occurred at a later operation (secondary conversion). Seven of the 18 patients undergoing conversion 
had serious medical co-morbidities. Three different methods of open repair were used. The technique selected was determined 
by the cause of failure leading to conversion. Standard open AAA repair was used in patients requiring conversion for 
access problems (n=2) and balloon malfunction, where the device ended up entirely within the aneurysmal sac (n = 1). 
Modifications to the standard technique were required in patients in which the endograft was correctly positioned 
immediately below the renal arteries and~or where part of the endografl was within one or both common iliac arteries 
(n = 11). Supra-coeliac ontrol was required for patients with aortic rupture (n = 1), renal arteries covered by the endograft 
(n =2) and situations where the delivery catheter was trapped within the aorta above a twisted bifurcated graft (n = 1). 
The mean volume of contrast used was 225 ml and the mean operative time was 5.25 h in patients undergoing primary 
conversion. 
Results: Conversion to open repair was achieved in all 18 patients. Renal impairment requiring dialysis occurred in 
three patients. There were three perioperative deaths, all of which were procedure-related (17%), and one late death. All 
four deaths occurred from among the group of seven patients with preoperative co-morbidities. 
Conclusions: Converting an endoluminaI to an open AAA repair may require modifications to the standard open 
technique and result in a much higher than generally accepted morbidity and mortality rate. Patients rejected for open 
repair because of co-morbidities ran the same chance of requiring conversion as those without co-morbidities (15-17%). 
If conversion was required, however, they stood a 3 in 7 or 43% chance of dying. 
Introduction 
The enthusiasm which followed Parodi et al.'s 1 de- 
monstration of the feasibility of endoluminal ab- 
dominal aortic aneurysm (AAA) repair has led some 
proponents to suggest that the method may be at- 
tempted and, if unsuccessful, be converted to an open 
repair with little disadvantage to the patient other 
than an increase in operative time. While this may be 
true in some cases, there are reasons why it may be 
an oversimplification. Firstly, the technique of open 
AAA repair following failed endoluminal repair may 
be more complicated than a standard elective oper- 
ation. Secondly, most conversions from endoluminal 
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to open repair come after a prolonged attempt at the 
radiologically guided minimally invasive procedure, 
by which time large quantities of contrast agent have 
been used. In addition, renal ischaemia resulting from 
a more complicated open repair may lead to renal 
impairment. This study was undertaken to analyse the 
technical aspects of conversion from endoluminal to 
open repair and to examine the outcome in patients 
with this clinical cause. 
Material and Methods 
Between May 1992 and May 1996 endoluminal repair 
of AAA was undertaken i  113 patients. 2-4 Forty-eight 
of these had medical co-morbidities which led to them 
being rejected for open repair at other medical centres 
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Table 1. co-morbidities. 
Co-morbidities n 
Poor left ventricular function (and renal impairment in 3) 25 
Renal failure 
On dialysis 1 
Successfully transplanted 1 
Chronic obstructive airways disease 7 
Bilateral thoracoplasties 1 
Chronic liver disease 4 
Hostile abdomen 9 
48 Total 
(Table 1). Primary conversion from endoluminal to 
open repair was required in 13 patients. The causes 
of failure leading to conversion have been reported 
previously 5 and are listed in Table 2. Secondary con- 
version was required in two patients who in- 
advertently had an endograft deployed over the renal 
arteries. Two further patients required secondary con- 
version for persistent endoleak 6 (communication be- 
tween the aneurysmal sac and the general circulation). 
One of these two had had a second endoluminal graft 
deployed in an unsuccessful attempt o obtain a seal 
between the aortic lumen and the aneurysmal sac (Fig. 
1). The remaining secondary conversion was required 
in a patient with a persistent endoleak despite two 
previous attempts at endoluminal repair. He survived 
open repair following rupture of his AAA on the eve 
of a third attempt at endoluminal repair despite having 
an ejection fraction of 13%. 
Operative t chnique 
The operative technique sed for conversion varied 
depending on the cause of failure of endoluminal 
Table 2. Causes of failure leading to conversion. 
Primary conversion (13) n 
Access problems 2 
Balloon-related problems 
Malfunction 1 
Aortic rupture 1 
Endograft migration 3 
Graft thrombosis 1 
Failed bifurcated graft deployment 5 
Total 13 
Secondary conversion (5) 
Renal arteries covered by endograft 2 
Persistent endoleak 
AAA intact 2 
AAA ruptured 1 
Total 5 
Fig. 1, Aortogram demonstrating extravasation of contrast (broad 
arrow) from the aortic lumen into the aneurysmal ac, despite 
previous deployment of two endoluminal grafts. The second of 
these can be seen immediately below the left renal artery (narrow 
arrow). Conversion to open AAA repair was required. 
repair leading to the need for conversion. Three 
methods were used. 
1. Standard open AAA repair. This was used in 
patients in whom the endoluminal approach had 
been abandoned ue to access problems or balloon 
malfunction. In each of these situations there was 
either no endograft present in the aorta or the 
endograft was contained entirely within the an- 
eurysmal  sac. There were three patients in this 
group; two with access problems in which there 
was no endograft in the aorta, and one balloon 
malfunction where the endograft was entirely 
within the aneurysmal sac. In this group of patients 
in which a standard open repair was used, it was 
possible to apply the proximal aortic clamp im- 
mediately below the renal arteries and the iliac 
clamps midway along the common iliac arteries 
without risk of injuring the vessels by clamping an 
artery with an underlying metal stent. The an- 
eurysm was able to be opened and the endograft 
removed with no more blood loss than would be 
expected with a standard open repair. Tube graft 
repair was possible in all three patients in this 
group. 
2. Modified standard open AAA repair. This technique 
was used in patients requiring conversion who 
had endografts deployed in the correct position 
immediately below the renal arteries and/or  where 
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(a) (b) 
Fig. 2. (a) Aortogram demonstrating migration of a tube endograft, resulting in extravasation of con st arou d the proximal stent and 
into the aneurysmal sac. The right common iliac artery is obstructed by the endograft. (b)Explanted tube endograft from (a) whose shape 
has been deformed by "plugging" of the distal portion of the endograft into the right common iliac artery. 
part of the endograft was within one or both com- 
mon iliac arteries. There were 11 patients in this 
group. Four had failed attempts to deploy the 
contralateral limb of a bifurcated graft following 
successful deployment of the main trunk of the 
graft. One had graft thrombosis following in- 
advertent administration of dilute rather than full 
strength heparin. Three patients had distal mi- 
gration of the endograft, two of which were aorto- 
iliac in configuration, while the third had a tube 
endograft, part of which migrated into the common 
iliac artery (Fig. 2). The remaining three patients in 
this group of 11 patients had persistent endoleak--  
one of which ruptured. In this group, clamps were 
applied to the aorta and common iliac arteries as 
with a standard open AAA repair, but were opened 
and closed in sequence to allow removal of the 
underlying endograft within the jaws of the clamp. 
Following initial clamping, the aneurysm was 
opened and thrombus removed to reveal the en- 
dograft. The distal ends of the endograft, be they 
tube, aortoiliac or bifurcated, were lifted out of the 
open sac after opening the appropriate iliac clamp 
if this was necessary. In the three patients with 
distal migration, the endograft was now free and 
able to be removed at this point because the prox- 
imal attachment device was not anchored in the 
proximal neck of the aneurysm. In the remaining 
eight patients in this group the main trunk of 
the endograft was then cross-clamped within the 
opened aneurysmal sac to assist with manipulation 
and reduce blood loss when the aortic clamp was 
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(a) 
(b) 
Fig. 3. (a) Illustration of exposure of the right crus of the diaphragm after division of the gastrohepatic omentum. The fibres of the crus 
are split to expose the descending thoracic aorta. (b) Illustration demonstrating the introduction of the fingers of the right hand through 
the crus to guide the arterial clamp to the thoracic aorta. Reproduced with permission from Surg Gynecol Obstet 1980; 151: 803. 
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Fig. 4. Hard copy of image intensifier screening during deployment 
of an endoluminal bifurcated graft. The trunk of the endograft 
became twisted and prevented removal of the delivery catheter. 
Horizontal marker bars indicate the level of the renal arteries 
superiorly and the aortic bifurcation inferiorly. Note the ipsilateral 
and contralateral attachment device capsules in the appropriate iliac 
arteries (broad rrows) and the superior capsule of the delivery 
catheter (narrow arrow) well above the renal arteries. 
released. If heavy bleeding from the lumbar arteries 
was encountered this was dealt with at this stage; 
otherwise the proximal end of the endograft was 
removed after opening the aortic clamp. Because a 
good seal had been obtained in seven of the eight 
patients with endografts positioned immediately 
below the renal arteries and only a small endoleak 
was present in the eighth, blood loss was not a 
major problem when the aortic clamp was opened. 
All grafts were removed by traction alone, with no 
attempt being made to reduce the diameter of the 
graft, dis-impact any hooks or cool the one en- 
dograft with a thermal memory. The aorta and 
iliac arteries were inspected for damage following 
removal of the endografts. No damage was noted 
and in no instance was there any concern for the 
integrity of the arterial walls or their ability to hold 
sutures. Tube-graft repair was possible in all but 
one patient in this group. This patient had a large 
aneurysm in the left common iliac artery. 
3. Supracoeliac control of the aorta was required for 
four patients 7 (Fig. 3). Two had endografts deployed 
over the renal arteries, one sustained rupture of the 
proximal neck of the aneurysm during deployment 
of the endograft by balloon inflation, and one bi- 
furcated endograft was deployed with a twist in 
Fig. 5. Plain X-ray in anuric patient following endoluminai repair. 
The proximal portion of the endograft (arrow) can be seen opposite 
the twelfth thoracic vertebra, well above the level of renal arteries. 
the trunk which trapped the delivery catheter in 
the aorta above the level of the renal arteries (Fig. 
4). Anuria was total in one patient in whom the 
renal arteries were covered and conversion to open 
repair was undertaken within the 7h of en- 
doluminal repair following a confirmatory plain X- 
ray of the abdomen which demonstrated the upper 
end of the endograft o be opposite the twelfth 
thoracic vertebrae (Fig. 5). In the second patient 
in whom the renal arteries were covered by the 
endograft, anuria was incomplete (Fig. 6). Con- 
version to open repair was undertaken 24 h fol- 
lowing endoluminal repair. In both instances it 
was possible to remove the device in the manner 
described in section 2 above with minimal blood 
loss after clamping of the supracoeliac aorta. The 
patient with rupture of the proximal neck of the 
aneurysm also required supracoeliac lamping of 
the-aorta and tube-graft replacement of the in- 
frarenal aorta. The patient with the twisted bi- 
furcated graft and trapped delivery catheter was 
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Fig. 6. Aortogram performed 24 h after endoluminal AAA repair. 
Partial filling of the right renal artery (narrow arrow) can be seen 
but no contrast can be seen in the left renal artery. The proximal 
attachment device (broad arrow) can be seen immediately below 
the hepatic and splenic arteries. 
managed by pressure on the supracoeliac aorta 
and simultaneous withdrawal of both the endograft 
and catheter. Repair was effected with an aorto- 
bifemoral graft utilising the two femoral arterio- 
tomies that had been used for the original 
endoluminal repair. 
Fig. 7. Explanted endograft demonstrating no obvious damage 
despite application of arterial clamps to overlying arteries in the 
process of removal. 
Results 
Conversion to open repair was achieved in all patients. 
Tube-grafts were used for all but two patients who 
received bifurcated grafts. In the primary conversion 
group the mean volume of contrast used was 225 ml 
and the mean operative time was 5.25 h. Patient details 
and techniques of endoluminal and open repair are 
shown together with the outcome in Table 3. Renal 
impairment requiring dialysis occurred in three 
patients. Two of these had their renal arteries covered 
by the endograft. One recovered, but the other died 
from a combination of renal failure, left ventricular 
failure and septicaemia on the ninth postoperative 
day. The third patient requiring dialysis recovered her 
renal function but died from sepsis 3 weeks after 
operation. The patient who sustained a rupture of tlqe 
proximal neck of the aneurysm died 24 h later. He 
became hypotensive and was thought o be bleeding, 
but at re-operation o bleeding point or collection of 
blood was found. His death was considered to be 
procedure-related and due to myocardial infarction. 
A fourth patient died outside the 30-day perioperative 
period from hepatic failure. All four deaths occurred 
from among the group of seven patients with pre- 
operative medical co-morbidities. 
Discussion 
The mortality rate of 17% in patients requiring con- 
version from endoluminal to open AAA is significantly 
greater than either endoluminal AAA repair (5.3%) or 
open AAA repair (4%) alone in our experience. These 
figures refute the suggestion that endoluminal repair 
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Table 3. Details of endoluminal converted to open AAA repairs with outcome. 
Age/sex Co- Diameter Device Hooks Endoluminal Open 
patient morbidity (M) configuration repair 
Primary/ 
second 
Complications Dialysis 
Death 
Peri- Late 
operative 
68M 5.5 P No Tube Tube 
57M 4.0 P No Bif. Tube 
58M Renal 5.0 P No Tube Tube 
failure 
65M 5.4 P No Tube Tube 
63M Hepatic 7.5 P No A-I Tube 
73M COAD 6.7 P No A-I Tube 
73M 5.5 S No A-I Tube 
70M 7.0 S No Bif. Tube 
68M 5.4 S No Bif. Tube 
66M 5.0 S No Bif. Tube 
70M Cardiac, 5.4 S No Tube Tube 
hepatic 
87F COAD 5.4 E Yes Bif. Bif, 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
71M 4.9 E Yes Bif. Bif. Primary 
72M 4.4 S No Tube Tube Second 
75M Cardiac 4.6 M Yes Bif. Tube Second 
78M 5.1 S No Tube Tube Second 
63F 5.3 S No Tube Tube Second 
71M Cardiac 8.0 S No Tube Tube Second 
Hepatic failure 
MI 
Renal 
impairment 
Yes 
Renal Yes 
impairment 
Renal Yes 
impairment 
+ 
Device P = Modified Parodi; S = Sydney (White-Yu); E= Endovascular Technologies; M = Mintec Stentor. 
of AAA may be undertaken, and if successful, be 
converted to an open repair with little disadvantage 
to the patient other than an increase in operative time. 
On the contrary, such conversion is potentially an 
extremely hazardous procedure. In only three of 16 
patients was the standard technique for open repair 
able to be used. 
The major cause of morbidity and mortality in these 
conversion operations was renal failure. This resulted 
from the use of large volumes of contrast for radio- 
logical guidance in the endoluminal phase followed 
by renal ischaemia. The renal ischaemia was due to 
obstruction of the renal arteries and/or  interruption 
of aortic flow by supracoeliac clamping. 
A number  of measures may improve the outcome. 
Lessening the volume of contrast used for radiographic 
guidance would be helpful. Eliminating the use of 
contrast Completely by replacing radiological guidance 
with intravascular ultrasound or aortoscopy Would be 
better. A foolproof method of identifying the renal 
arteries is also required. In both instances in this study 
in which the endograft covered the renal artery orifices, 
the error resulted from failure to opacify these arteries 
and mistakenly identifying the right hepatic and 
splenic arteries as the renals. This could be avoided 
by measuring the distance between the renal arteries 
and aortic bifurcation on the preoperative calibrated 
aortogram and confirming this measurement in the 
on-table pre-procedure calibrated aortogram. The bi- 
furcation is an unmistakable landmark and would 
serve as a failsafe reference point for the renal arteries. 
The high mortality rate of the conversion operation 
raises the concept of abandoning a failed endoluminal 
repair without commitment o proceed with open 
repair. This would have been possible in five of 13 
patients undergoing pr imary conversion in the present 
study, and in one of the three fatal cases. 
Some observations in this study deserve further 
comment. Irrespective of whether the anchoring mech- 
anism was dependent on a self-expanding Z stent 
and hooks or controlled balloon expansion of a metal 
device, damage to the aorta or iliac arteries following 
endograft removal  was minimal (with the exception 
of the patient with rupture of the proximal neck). 
There was no evidence of arterial damage at sites 
where an arterial clamp has been applied to an under- 
lying endograft. All endografts, other than those in 
which distal migration had occurred, were securely 
fastened and required moderate traction to remove 
them. Equally, there was no apparent damage to en- 
dografts which had been subjected to pressure from 
overlying arterial clamps (Fig. 7). 
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Plain X-ray of the abdomen was particularly useful 
in the diagnosis of malposit ioning of one of the en- 
dografts covering the renal arteries. This investigation 
was able to be performed more rapidly, by less skilled 
staff, and avoided further contrast overload than 
would have been the case with aortography. We have 
drawn attention to the importance of plain X-ray in the 
surveillance of endoluminal AAA repair previously, 8 
and this is a further example of the utility of this 
simple form of investigation. 
Finally, this study provides useful data for patient 
and surgeon in deciding whether endoluminal repair 
should be undertaken in those patients who have been 
rejected for open repair because of co-morbidities. In 
this study such rejected patients ran the same chance 
of requiring conversion as those patients without 
co-morbidities (15-17%). If conversion was required, 
however, these rejected patients stood a 3 in 7 (43%) 
chance of dying. With such a high mortality in patients 
found inoperable by the open method, submitted to 
endoluminal repair and then converted to open repair, 
it may  well be argued that such patients should not 
be offered an endoluminal procedure in the first place, 
as long as the technique and safety is no better than 
it is. This view, however, must  be balanced by the 
outcome in those patients rejected for open repair who 
underwent endoluminal repair and did not require 
conversion. The mortal ity in this group was three in 
41 patients (7.3%). The overall mortal ity for the 48 
patients rejected for open repair and undergoing en- 
doluminal repair was six, or 12.5%. Patients in this 
category should be informed of these probabilities 
before embarking on endoluminal repair. 
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